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FEEDING THE DAIRY HERD 
By W. B. NEVENS, Associate Chief in Dairy Cattle Feeding 
POOR METHODS of feeding and care are responsible for the low production of many dairy herds in Illinois. While there are no figures to show accurately the number of 
herds that are not returning a profit, enough data have been 
collected by herd improvement associations and other agencies 
to prove that an enormous number of cows are being kept at a 
loss, and in most cases the loss is unknown to the owners. It 
has also been demonstrated that thru improved methods of feed-
ing and care unprofitable herds can be placed on a paying basis. 
Letters and verbal reports of Illinois herd owners testify to this 
fact. 
High Milk Yields Necessary for Good Profits 
One of the reasons better rations are not used more com-
monly is that dairymen do not realize that profits from milk 
cows are very largely dependent upon a high milk yield from 
each cow. The cost of feeding a cow is a large item even tho 
she produces little or no milk. It costs more to feed high-yield-
ing cows, it is true, but the additional cost is small compared 
with the greater volume of milk. The annual cost of feed for 
Illinois cows producing 100 to 600 pounds of butterfat yearly 
ranges from $59 to $140 per cow when feeds are computed at 
1929 prices (Table 1). The butterfat yield of Illinois dairy cows 
is estimated to be less than 200 pounds per cow. At 1929 feed 
prices, 200 pounds of butterfat per cow will not pay feed costs 
when butterfat is valued at 30 cents a pound. Yields above 400 
pounds of butterfat will pay feed costs and leave a substantial 
margin to pay for labor, housing, taxes, and insurance, and to 
provide a profit. With higher prices for butterfat, smaller yields, 
of course, are required to equal feed costs. 
No matter what the price of butterfat, however, it is evident 
that so long as feed prices remain approximately the same as they 
were in 1929, the possibilities for profit in keeping high-yielding 
cows are very much greater than in keeping low-yielding cows. 
It is also evident that the lower the price of butterfat, the greater 
the possibilities for loss if low-yielding cows are kept. The 
first essential in feeding dairy cows for profitable production 
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is therefore feeding so as to obtain a high yield from each cow. 
Several faults are commonly found in the feeding of dairy 
cows in this state, one of the most general being that too small 
an amount of feed is supplied. 
TABLE !.-INCREASED YIELD OF BUTTERFAT PER Cow MEANS 
GREATER PossiBILITIES oF PROFIT 
Yearly Yearly Value of butterfat above or below feed cost when 
yield of feed cost the price of butterfat is-
butterfat per cow1 
per cow 
30¢ lb. 40¢lb. SO¢ lb. 60¢ lb. 
lbs. 
100 $ 59 $-292 $-192 $-92 $ 1 
150 63 -182 - 32 12 27 
200 68 - 82 12 32 52 
250 74 1 16 51 76 
300 80 10 40 70 100 
350 86 19 54 89 124 
400 94 26 66 106 146 
450 103 32 77 122 167 
500 113 37 87 137 187 
550 125 40 95 150 205 
600 140 40 100 160 220 
1Based on the records of 3,335 cows enrolled in Dairy Herd Improvement 
Associations in Illinois in 1929. 
2Amount below feed cost. 
Some herds are given no feed except pasture during the en-
tire growing season. Even luxuriant spring pastures are insuffi-
cient to support high milk yields, and the lack of additional feed 
is even more serious when pastures become short and dry. Cows 
often become so thin during the pasture season · that it takes 
several weeks of liberal barn feeding for them to recover from 
the ill effects of the summer and fall treatment. 
Underfeeding is not confined to the pasture months, however. 
An insufficient quantity of protein is common in corn-belt rations, 
which consist largely of low-protein feeds, such as corn, oats, 
barley, corn stover, corn silage, timothy hay, and redtop hay. 
Failure to feed grain mixtures in proportion to milk yields is 
another very general fault; some cows are overfed, while others 
never receive enough to enable them to reach the level of pro-
duction of which they are capable. 
Anyone who is willing to follow car.efully the simple direc-
tions given in the next few pages can feed dairy cattle well. It 
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is best, of course, that a feeder not only know good practices but 
that he understand clearly the principles underlying successful 
feeding, as discussed in the latter sections of this pamphlet. It is 
suggested that he study these thoroly. 
FIG. I.-HIGH-PRODUCING DAIRY Cows WELL FED ARE THE BASIS 
OF EcoNOMICAL MILK PRODUCTION 
Comfortable surroundings and an abundance of good-quality feed 
are among the essential features in securing high milk yields. 
CALVING TIME CALLS FOR SPECIAL CARE 
For about six to eight weeks previous to freshening, dairy 
cows should be given a rest from producing milk. This is neces-
sary that they may be in good condition to begin the next milk-
ing period. The length of the rest period is determined, however, 
not by any hard and fast rule, but rather by the amount of time 
necessary to put the cow in good condition. 
Dry Cows Off Gradually. When cows are giving a large 
amount of milk, the drying-off process may be begun by leaving 
part of the milk in the udder at the regular milking period. After 
a few days one of the daily milkings may be omitted entirely. 
As the milk flow decreases, the milking may be done once in two 
days and then once in three days, until the amount has been re-
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duced to 3 or 4 pounds daily, when the cow need no longer be 
milked. It is important that . the drying-off process take place 
gradually in order to prevent injury to the udder. At the same 
time, the feed must be reduced in amount. If the condition of 
the cow is poor, or if the time before freshening is short, it may 
be desirable to continue feeding quite liberally. In such a case, 
however, the feed should consist of low-protein feeds only, such 
as timothy hay, corn silage, corn, and oats. 
Feed Liberally After Dry. Cows that are in good flesh at 
calving are capable of producing more milk during the succeeding 
lactation period than cows that are very thin. It is essential, 
therefore, that as soon as the cows have been dried off, they 
be fed liberally. A grain mixture that is effective in getting cows 
in good flesh during the rest period consists of 200 pounds of 
ground corn and 100 pounds of ground oats or wheat bran. This 
may be fed at the rate of 5 to 10 pounds daily. For cows which 
have reached a good state of flesh, the grain mixture should be 
changed a week to ten days before calving to one of those men-
tioned below and the amount fed daily reduced to 3 to 5 pounds. 
Good pasture or liberal amounts of good-quality legume hay 
should be supplied also. 
Use Laxative Feeds at Calving. When a cow is given 
careful attention previous to freshening, fewer of the troubles 
attendant upon calving, such as retention of the afterbirth, milk 
fever, and udder troubles, are experienced. 
Just before calving, it is important that the feed exert a 
laxative effect. Good pasture or liberal amounts of corn silage 
or legume hay usually will suffice, but if only dry feed is given 
and a legume hay is not available, a grain mixture which will 
produce the desired effect should supplement the roughage. For 
this purpose, one of the following mixtures is suitable: 
1. 100 lbs. ground oats, 100 lbs. wheat bran 
2. 200 lbs. ground oats, 100 lbs. linseed oil meal 
3. 100 lbs. each of ground oats, wheat bran, and linseed 
oil meal 
From 2 to 4 pounds of this mixture may be fed daily. 
But little feed, and that of a laxative nature, should be offered 
the cow the first twenty-four hours after calving. During the 
first day at least the drinking water should be lukewarm, and for 
a few days should not be colder than water is as it comes from 
a deep well. A warm bran mash often proves beneficial. To 
prepare it, place 3 or 4 quarts of wheat bran in a pail and pour 
enough boiling water over it to moisten it thoroly. Dilute with 
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enough cold water to bring to body temperature and feed while 
warm. Legume hays and corn sil~e or roots are especially de-
sirable during the first few days. Beginning with the second or 
third day, one of the grain mixtures suggested above may be 
used at the rate of 2 to 4 pounds daily. (In cases of compli-
cations, such as severe caking of the udder, but little grain should 
be fed.) The grain mixture commonly used for the herd may 
be gradually substituted, the amount being increased from the 
first feeding in most cases at the rate of about Y2 pound daily as 
long as the cow continues to respond with a proportionately in-
creased milk production. The substitution should be complete 
within a week after calving. It may be necessary to take as long 
as two to three weeks after calving to get high-yielding cows 
on full feed. During this time the cows may lose weight, but it 
is better to increase the feed very gradually than to induce udder 
troubles and have the cows "off feed." 
FEEDING COWS IN WINTER 
Use Home-Grown Roughages. Roughage grown on the 
farm where it is fed is usually a cheaper source of nutrients 
than are grains and mill feeds. The best practice, therefore, is 
to feed cows in milk all the good-quality hay they will consume 
without unnecessary waste. Coarse hays should be fed liberally 
and the refused portions given to dry cows or young stock to 
pick over. 
A larger consumption of hay is secured by feeding it three 
times a day rather than once or twice. The morning and evening 
feedings are usually fed after silage and grain have been con-
sumed. Dusty hay should not be thrown down into the milking 
barn or fed just previous to milking. 
Silage an Excellent Supplement. Corn silage makes an 
excellent supplement to hay. Good-quality silage is fed at the 
rate of about 3 pounds daily for each 100 pounds of animal 
weight, or 25 to 40 pounds daily. Poor-quality silage must be 
fed with caution. In no case should so much silage be fed that 
it prevents the animals from eating hay freely. The practice of 
feeding cows silage as the only roughage is not recommended. 
Silage usually is fed twice daily; it is placed in the manger 
first and the grain mixture thrown on it. Silage having a strong 
odor should be fed only after milking. 
Grain Mixtures Necessary for High-Producing Cows. 
Roughage alone is not sufficient for cows that are expected to 
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give large amounts of milk. A grain mixture suitable for use 
with the particular kind of lay or other roughages used should 
be fed in proportion to milk yield (see pages 8 to 11 ) . 
FIG. 2.-WEIGHING THE GRAIN MIXTURE 
FOR EAcH Cow Is ONE OF THE MosT 
PROFITABLE UsEs oF TIME IN 
FEEDING THE DAIRY HERD 
Only a few minutes each day are re-
quired to weigh the grain when a 
spring-dial balance is used. The use of 
a scale is likely to show that some cows 
are not being fed enough and that oth-
ers are being fed too much. By feeding 
each cow in proportion to her needs, 
many dollars are saved in the course of 
a year. 
To secure large yields 
of milk and to insure 
economy of feeding it is 
essential that the grain 
mixture be weighed or 
measured carefully for 
each cow. This is one of 
the most important of all 
operations in the manage-
ment of the dairy herd. 
The milk of each cow 
should be weighed for one 
day a week at least and a 
chart made showing the 
number of p o u n d s or 
quarts of grain mixture 
each cow should receive 
at each feeding. This 
chart should be consulted 
each time the grain mix-
ture is weighed or meas-
ured, and should be re-
vised every week or as 
often as the milk yields 
of the cows change appre-
ciably. 
GRAIN MIXTURES TO BE FED WITH ROUGHAGES 
I. When roughage consists exclusively of best-quality al-
falfa, soybean, or cowpea hay, use grain mixture having about 
12 percent total protein. (That is, when green, leafy alfalfa, 
soybean or cowpea hay, or soybean or cowpea hay containing 
large amounts of seed is fed, and no silage, corn stover, pasture 
or hay other than those mentioned is used.) 
When hay is fed in moderate -amounts (at rate of 15 pounds 
daily to a cow weighing 1,000 pounds), feed 1 pound of one of 
the following grain mixtures for each 2Yz pounds of milk pro-
duced, or 3Yz pounds of the mixture for each gallon of milk. 
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When haYt is fed freely (20 pounds or more daily to a cow 
weighing 1,000 pounds), feed 1 pound of one of the following 
grain mixtures for each 3 pounds of milk produced, or 2?-8 pounds 
of the mixture for each gallon of milk. 
Mixtures Containing About 12 Percent Total Protein 
N~1 N~4 
SO lbs. soybean oil meal or 
43% cottonseed meal 
SOO lbs. ground corn 
440 lbs. ground oats 
10 lbs. salt 
No.2 
7S lbs. linseed oil meal or 
ground soybeans 
S2S lbs. ground corn 
390 lbs. ground oats 
10 lbs. salt 
No.3 
300 lbs. wheat bran 
SOO lbs. ground corn 
190 lbs. ground oats 
10 lbs. salt 
7S lbs. soybean oil meal or 
43% cottonseed meal 
600 lbs. corn-and-cob meal 
31S lbs. ground oats 
10 lbs. salt 
No.5 
SO lbs. soybean oil meal or 
43% cottonseed meal 
690 lbs. corn-and-cob meal 
2SO lbs. wheat bran 
10 lbs. salt 
No.6 
100 lbs. linseed oil meal or 
ground soybeans 
740 lbs. corn-and-cob meal 
1SO lbs. wheat bran 
10 lbs. salt 
II. When roughage is red-clover hay or poor-quality al-
falfa, soybean, or cowpea hay, use grain mixtures containing 
14 to 15 percent total protein. Following are six mixtures to 
be used with this roughage. Feed at same rate as directed above. 
Mixtu,res Containing 14 to 15 Percent Total Protein 
No.7 No. 10 
1SO lbs. soybean oil meal, or 75 
lbs. gluten meal plus 
7S lbs. 43% cottonseed 
meal 
600 lbs. ground corn 
240 lbs. ground oats 
10 lbs. salt 
No.8 
300 lbs. wheat bran 
290 lbs. ground corn 
2SO lbs. ground oats 
1SO lbs. gluten feed 
10 lbs. salt 
No.9 
150 lbs. soybean oil meal, or 75 
lbs. gluten meal plus 
75 lbs. 43% cottonseed 
meal 
640 lbs. corn-and-cob meal 
200 lbs. wheat bran 
10 lbs. salt 
1SO lbs. soybean oil meal, or 7S 
lbs. gluten meal plus 
75 lbs. 43% cottonseed 
meal 
500 lbs. corn-and-cob meal 
340 lbs. ground oats 
10 lbs. salt 
No. 11 . 
140 lbs. linseed oil meal or 
ground soybeans 
4SO lbs. ground corn 
400 lbs. ground oats 
10 lbs. salt 
No. 12 
200 lbs. linseed oil meal or 
ground soybeans 
590 lbs. corn-and-cob meal 
200 lbs. wheat bran 
10 lbs. salt 
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III. When roughage is partly legume and partly nonleg-
ume, use grain mixture containing about 16 percent total pro-
tein. (That is, when alfalfa, clover, soybean, or cowpea hay is 
combined with timothy, millet, redtop, oat, bluegrass, or prairie 
hays, corn stover, or corn silage. It is assumed that if dry rough-
age only is fed, legume hay forms at least half of it. If corn 
silage is fed, two feedings of legume hay daily are allowed.) 
To Holsteins, Ayrshires and Brown Swiss, feed 1 pound of 
one of the following grain mixtures for each 3 pounds of milk 
produced, or 2Ys pounds of the mixture for each gallon of milk. 
To Jerseys and Guernseys} feed 1 pound of one of the fol-
lowing grain mixtures for each 2Yz pounds of milk produced, 
or 3Yz pounds of the mixture for each gallon of milk. 
Mixtures Containing About 16 Percent Total Protein 
No. 13 No. 16 
175 lbs. soybean oil meal 
525 lbs. ground corn 
290 lbs. ground oats 
10 lbs. salt 
No. 14 
175 lbs. linseed oil meal or 
ground soybeans 
75 lbs. corn gluten feed 
450 lbs. ground corn 
290 lbs. ground oats 
10 lbs. salt 
No. 15 
300 lbs. wheat bran 
240 lbs. ground corn 
200 lbs. ground oats 
250 lbs. gluten feed 
10 lbs. salt 
75 lbs. soybean oil meal 
100 lbs. 43% cottonseed meal 
500 lbs. corn-and-cob meal 
315 lbs. ground oats 
10 lbs. salt 
No. 17 
150 lbs. soybean oil meal, or 75 
lbs. gluten meal plus 
75 lbs. 43% cottonseed 
meal 
540 lbs. corn-and-cob meal 
300 lbs. wheat bran 
10 lbs. salt 
No. 18 
175 lbs. linseed oil meal or 
ground soybeans 
75 lbs. 43% cottonseed meal 
590 lbs. corn-and-cob meal 
150 lbs. wheat bran 
10 lbs. salt 
IV. When roughage is all nonlegume, feed grain mixture 
containing about 20 percent total protein. (That is, when 
roughage is timothy, millet, redtop, oat, bluegrass or prairie hays, 
corn stover, corn silage, or a combination of these.) 
To H olsteins1 Ayrshires and Brown SwissJ feed 1 pound of 
one of the following grain mixtures for each 3 pounds of milk 
produced, or 2Ys pounds of the mixture for each gallon of milk. 
To Jerseys and Guernseys} feed 1 pound of one of the follow-
ing grain mixtures for each 2Yz pounds of milk produced, or 
3Yz pounds of the mixture for each gallon of milk. 
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Mixtures Containing About 20 Percent Total Protein 
No. 19 No. 22 
300 lbs. soybean oil meal, or 
150 lbs. soybean oil 
meal and 100 lbs. 43% 
cottonseed meal plus SO 
lbs. linseed oil meal 
400 lbs. ground corn 
280 lbs. ground oats 
10 lbs. salt 
10 lbs. bone meal 
No. 20 
250 lbs. wheat bran 
200 lbs. ground corn 
180 lbs. ground oats 
200 lbs. gluten feed 
150 lbs. soybean oil meal or 
43% cottonseed meal 
10 lbs. salt 
10 lbs. bone meal 
No. 21 
150 lbs. soybean oil meal or 
43% cottonseed meal 
430 lbs. corn-and-cob meal 
200 lbs. wheat bran 
200 lbs. ground soybeans or 
linseed oil meal 
10 lbs. salt 
10 lbs. bone meal 
400 lbs. linseed oil meal, or 200 
lbs. linseed oil meal 
plus 200 lbs. ground 
soybeans 
350 lbs. ground corn 
230 lbs. ground oats 
10 lbs. salt 
10 lbs. bone meal 
No. 23 
150 lbs. soybean oil meal or 
43% cottonseed meal 
450 lbs. corn-and-cob meal 
180 lbs. ground oats 
200 lbs. linseed oil meal or 
ground soybeans 
10 lbs. salt 
10 lbs. bone meal 
No. 24 
400 lbs. linseed oil meal, or 200 
lbs. linseed oil meal 
plus 200 lbs. ground 
soybeans 
380 lbs. corn-and-cob meal 
200 lbs. wheat bran 
10 lbs. salt 
10 lbs. bone meal 
TABLE 2.-DIRECTIONS FOR FEEDING READY-MIXED FEEDS AND 
MIXTURES 25-36 (See pp. 12-13) 
Kind of roughage fed 
Red-clover Part alfalfa, 
Alfalfa, soy- hay or poor clover, etc., No alfalfa, bean, or cow- quality alfalfa, and part 
Proportions of mixed pea hay of soybean, or silage, stover, soybean, 
feeds and farm grains high quality cowpea hay timothy, cowpea, or 
to be used only (no silage, only (no threshed soy- clover hay 
stover, or silage, stover, bean straw or 
pasture) or pasture) cowpea straw 
Feed as Feed as Feed as Feed as 
directed for directed for directed for directed for 
Mixtures 1-6 Mixtures 7-12 Mixtures 13-18 Mixtures 19-24 
lbs. lbs. lbs. lbs. 
16 percent mixed feed .. .. . 100 100 1001 Cannot be 
Corn, oats, or barley ... .. . 200 100 0 used 
20 percent mixed feed ..... 100 100 100 1001 
Corn, oats, or barley .. .. .. 600 200 100 0 
24 percent mixed feed ..... 100 100 200 300 
Corn, oats, or barley ...... 700 400 300 100 
32 or 34 percent mixed feed .. 100 100 100 100 
Corn, oats, or barley .. ... . 900 600 300 100 
NOTE:-One pound of salt should be added to each 100 pounds of the final mixture. 
11n these cases feed must be used without adding farm grains. 
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V. Formulas for high-protein mixed feeds. Milling com-
panies and feed-mixing concerns frequently request formulas 
for the preparation of high-protein mixed feeds. The following 
formulas illustrate some of the possibilities in this direction. 
Other combinations may be computed by using the feed analyses 
shown in Table 6 (see outside back cover). 
For best results, these mixtures must be combined with farm 
grains in order that the protein content be lowered to the proper 
level to suit the kind of roughage used (Table 2). They may 
then be fed in accordance with the directions given on pages 8 
to 10. These directions apply also to high-protein ready-mixed 
dairy feeds. 
Mixtures Containing About 24 Percent Total Protein 
No. 25 No. 27 
150 lbs. 43% cottonseed meal 
450 lbs. corn gluten feed 
400 lbs. wheat bran 
No. 26 
500 lbs. linseed oil meal 
500 lbs. wheat bran 
200 lbs. soybean oil meal 
400 lbs. corn gluten feed 
400 lbs. wheat bran 
No. 28 
150 lbs. soybean oil meal or 
corn gluten meal 
150 lbs. 43% cottonseed meal 
150 lbs. linseed oil meal 
400 lbs. wheat bran 
150 lbs. cane molasses 
Mixtures Containing About 32 Percent Total Protein 
No. 29 No. 31 
375 lbs. 43% cottonseed meal 
325 lbs. linseed oil meal 
300 lbs. wheat bran 
No. 30 
333 lbs. soybean oil meal 
333 lbs. corn gluten feed 
333 lbs. linseed oil meal 
500 lbs. soybean oil meal or 
corn gluten meal 
250 lbs. linseed oil meal 
250 lbs. wheat bran 
No. 32 
300 lbs. soybean oil meal or 
corn gluten meal 
250 lbs. 43% cottonseed meal 
200 lbs. linseed oil meal 
150 lbs. wheat bran 
100 lbs. cane molasses 
Mixtures Containing About 34 Percent Total Protein 
No. 33 No. 35 
400 lbs. linseed oil meal 
300 lbs. 43% cottonseed meal 
300 lbs. corn gluten feed 
No. 34 
450 lbs. soybean oil meal or 
corn gluten meal 
300 lbs. linseed oil meal 
350 lbs. corn gluten meal or 
soybean oil meal 
150 lbs. 43% cottonseed meal 
200 lbs. wheat bran 
No. 36 
300 lbs. soybean oil meal or 
corn gluten meal 
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400 lbs. linseed oil meal 
150 lbs. wheat bran 
300 lbs. 43% cottonseed meal 
250 lbs. linseed oil meal 
50 lbs. wheat bran 
100 lbs. cane molasses 
PASTURE ALONE NOT ALWAYS SUFFICIENT 
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Fresh, green pasture grass is the most nearly ideal feed for 
dairy cows. During early stages of growth, however, grass is so 
high in water content that cows producing large quantities of 
milk cannot eat enough of it to supply their needs. For this 
reason many cows not given additional feed lose weight rapidly 
during the first few weeks at pasture and decline in milk produc-
tion more quickly than cows well fed. 
Grain Usually Needed. Young, green growing grass is 
quite high in protein. This is true not only in the spring but also 
in the summer and fall whenever the grass makes a vigorous new 
growth. Under such conditions mixtures containing about 12 
percent protein, such as Nos. 1 to 6 (page 9) make a suitable 
supplement. 
With good pasture, cows producing 20 pounds (2Vz gallons) 
or less of milk daily need no grain, but when production is above 
this level, 1 pound of one of these mixtures should be fed for 
each 2~ pounds of milk (or 3 pounds for each gallon of milk) 
over and above 20 pounds. 
Frequently cows consuming large amounts of young, green 
pasture grass do not care for grain. In such cases they should 
be taken from the pasture several hours before milking, so they 
will eat the necessary amount of grain mixture. In fact, if cows 
are pastured only two to four hours a day, better milk yields are 
apt to result. Summer production is also maintained at a higher 
level if losses in weight are prevented in this way during the 
spring. 
As grass matures, its protein content becomes lower. After 
bluegrass has headed out and timothy is past the bloom stage, 
grain mixtures having 14 to 16 percent protein, such as Nos. 
7 to 18 (pages 9 and 10) are needed. Cows producing over 25 
pounds ( 3 gallons) of milk daily should receive 1 pound of one 
of these grain mixtures for each 2.5 pounds of milk (or 3.5 
pounds for each gallon of milk) in excess of 25 pounds. 
Fully ripened grass is very low in protein. Pastures that 
furnish plenty of feed but consist of grass which has ripened 
and turned yellow or brown or contains seed must be supple-
mented with a grain mixture containing about 20 percent protein 
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(see Nos. 19 to 24, page 11). This should be fed to cows yield-
ing over 13 pounds ( 1Yz gallons) of milk daily at the rate of 
1 pound of the mixture for each 3y-4 pounds of milk (2.6 pounds 
FIG. 3.-You c PAsTURE GRAss I s A NEARLY 
IDEAL FEED FOR MILK PRODUCTION 
The greatest success in feeding for milk 
production is attained when the ration thruout 
the year possesses most of the attributes of 
a luxuriant green pasture. Since, however, 
pasture does not furnish all the nutrients 
needed, liberally milking cows must be fed 
grain mixtures or other feeds in addition. 
for each gallon of 
milk) o v e r a n d 
above 13 pounds. 
Pastures usually 
do not furnish a 
good supply of rip-
ened grass for any 
great length of time. 
As soon as the grass 
stops growing, the 
cattle graze it down 
rapidly and there is 
soon a shortage of 
roughage. Addition-
al roughage m u s t 
then be furnished. 
As in winter, if dry 
roughage is fed as a 
supplement to pas-
ture, grain mixtures 
suited to supplement 
the particular kind 
of roughage used 
must be fed. Green 
growing crops such 
as corn, millet, sudan 
grass, the sorghums, 
peas and oats, red 
clover, and alfalfa, 
sometimes are cut 
and hauled to pas-
ture or barn to sup-
plement pasture. All 
crops such as these, 
with the exception 
of the legumes (clovers, alfalfa, peas, etc.), are very low in 
protein and need to be supplemented with a grain mixture 
containing 18 to 20 percent protein. Legume pasture crops, how-
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ever, never become so low in protein as nonlegumes. Even with 
ripe sweet-clover pasture and alfalfa, and red clover past the 
bloom stage, a grain mixture containing 14 to 16 percent protein is 
satisfactory. When legume pastures are making their initial rapid 
FIG. 4.-SwEET CLOVER UsuALLY PROVIDES GREEN FEED DuRI G THE SuM-
MER MoNTHs WHEN NoNLEGUME PASTURES ARE BARE 
This plant, once despised as a roadside weed, is rapidly becoming one 
of the important pasture crops in Illinois. It has proved a great boon to 
dairymen by reducing both the acreage necessary to support a cow and 
the feed necessary for supplementing pasture. 
growth, a mixture of farm grains alone makes a suitable sup-
plement. 
Change Cattle to Pasture Gradually. Sudden change from 
dry feed to pasture may result in bloat or other digestive dis-
turbances and cause bad flavors in the milk. To prevent such 
conditions, the cattle should be given their usual feed of hay, 
or other dry roughage or silage, and grain each morning for a 
few days before they go to pasture. 
When the pasture consists of legumes, such as red clover, 
alfalfa, or sweet clover, the cattle must not be turned in for the 
first time when the plants are wet from dew or rain. Cattle on 
sweet-clover pasture should be given access to dry straw or 
hay kept in or near the pasture, for this seems to help prevent 
bloat. It is a common practice in pasturing sweet clover to leave 
the cattle at pasture continuously once they have been turned 
into it. 
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FEEDING FOR ADVANCED REGISTRY RECORDS 
Dairy-cattle breed associations maintain systems of registra-
tion that give publicity to the records of purebred registered cows 
meeting certain requirements in the production of milk and but-
terfat. Since these records of production, known as Advanced 
Registry or Register of Merit records, add to the value of the 
animals, especially good feed and care are given during the test 
period so that production will be as high as possible. 
Fall is usually the best season in which to have cows freshen. 
Then the largest production is obtained during the cooler seasons, 
when the cows' appetites are at their best, and the animals do 
not suffer from heat and the annoyance of flies. 
Proper fitting of the cows before freshening is one of the 
important factors in securing high production. During a rest 
period of eight to ten weeks, the cows must be so liberally fed 
that they will lay on a great deal of surplus flesh. As ·soon as a 
cow has been dried off, the feeding of a grain mixture should be 
begun, and the amount increased until 10 to 15 pounds or more 
is being fed. A suitable mixture for this purpose consists of 300 
pounds ground corn, 200 pounds ground oats, 100 pounds wheat 
bran, 100 pounds linseed oil meal, 10 pounds salt, and 10 pounds 
steamed bone meal. 
Corn silage in moderate .amounts and legume hay are among 
the best roughages to use during the fitting period. Access to 
good pasture for one or two hours a day is desirable. 
Beginning two to three weeks before calving, the amount of 
grain mixture fed should be gradually reduced so that by calving 
time little or no grain is being used. Especially good care must 
be given during the calving period, and the cow brought to full 
feed gradually. 
The feeds given during the entire test period should be of the 
highest quality. Individual feeding must be practiced, and each 
cow's needs studied carefully. As a rule, Jerseys or Guernseys 
should be fed 1 pound of grain mixture (see Table 3) for each 
2Vz pounds of milk produced; other breeds should be fed 1 
pound of grain mixture to 3 pounds of milk. The grain mixture 
for test cows, which are milked three or four times daily, is 
divided into three or four equal parts and fed at each milking 
time. Cows should not be permitted to become too fat during the 
milking period as excess fat tends to reduce the milk flow. 
When not possible to mix molasses with the other feeds, it 
may be diluted with water (warm water in winter) and poured 
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TABLE 3.-GRAIN MIXTURES FOR Cows ON ADVANCED REGISTRY TEST 
(These mixtures contain approximately 19 percent total protein.) 
Feed 
Mixture No. 
1 2 3 
lbs. lbs. lbs. 
Beet pulp, dried ............. 100 ... 100 
Corn, ground ...... . ....... . . 280 180 80 
Corn gluten feed ............. 100 ... 100 
Corn gluten meal. ........ ... . . . 100 ... 
Cottonseed meal, 43% protein .. 100 . . . ... 
Linseed oil meal .... . ........ 200 200 200 
Molasses .. . . .. .. ............ ... . .. 100 
Oats, ground . ............... 100 200 200 
Soybean oil meal ............. . . . .. 100 
Wheat bran .... .. .. ... . .. . .. 100 300 100 
Bonemeal (feeding grade) . .. .. 10 10 10 
Salt ........................ 10 10 10 
Total wei g ht of mixture ... 1 000 1 000 1 000 
17 
over the grain mixture for each cow, allowing this to stand 15 
to 30 minutes before feeding. Moistening the feed increases its 
palatability and also seems to aid in preventing impaction. Fine, 
leafy alfalfa hay retaining most of its original color and aroma 
is an excellent roughage. Good-quality corn silage is usually 
given in amounts limited to 20 to 25 pounds daily. Twenty to 
50 pounds of sliced mangels or beets may be fed daily with the 
silage or grain, or fed separately. If neither roots nor silage is 
available, about 10 pounds of dried beet pulp soaked in water or 
in diluted molasses for twelve hours may be fed daily. 
FEEDING DAIRY CALVES 
Young dairy calves are much more sensitive to conditions of 
feed and care than are older cattle, and therefore require close 
attention if they are to be reared successfully. The first six 
months is the most important period in the growth of the calf ; 
a calf that is vigorous and well grown at six months of age is 
more likely to develop into a larger, better, more useful animal 
than one that is weak or stunted at that age. 
Feed Whole Milk for Three or Four Weeks. It is neces~ 
sary that calves receive some of the first milk, or colostrum, from 
their mothers, since this aids in clearing the digestive tract and 
helps to prevent infection. It is best to leave calves with their 
mothers for one day, or in the case of weak calves three or four 
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days, and then to keep them separate and to feed them from a 
pail. 
Rarely, if ever, should whole-milk feeding be discontinued 
before calves are three weeks of age. About 1 pound should be 
used daily for each 10 pounds of live weight. Thus an 80-pound 
calf should receive 8 pounds of whole milk a day-4 pounds at 
a feeding if fed twice daily. Strong, vigorous calves may some-
times be fed at the rate of a pound of milk daily for each 8 
pounds of live weight. For Jersey or Guernsey calves or for 
small calves of the other dairy breeds it is best to divide the 
daily allotment of milk into three or four feedings, offering it at 
as nearly equal intervals as possible. Very young calves require 
fresh, sweet, whole milk at body temperature, about 100° F. 
Indigestion accompanying whole-milk feeding may be the re-
sult of overfeeding or, as sometimes happens with Jersey or 
Guernsey calves, of feeding milk too rich in butterfat. If the 
milk is too rich, dilute it with an equal amount of warm skim 
milk or with half as much warm water. 
Start Grain Feeding Early. Calves should be taught to eat 
grain and hay at as early an age as possible. Good-quality legume 
hay, such as red clover, is the best roughage for calves. Red-
clover hay does not produce quite so laxative a condition as does 
alfalfa. A good grain mixture consists of 2 parts each of ground 
shelled corn, ground oats, and wheat bran, and one part linseed 
oil meal (all measured by weight). 
Whole milk is, of course, the best feed for calves, for it fur-
nishes proteins of high quality, lime and growth vitamins, and 
butterfat which yields energy, but its cost usually makes its use 
prohibitive as soon as other feeds may be substituted for it. 
Whole milk must be fed until the calves are old enough to eat 
enough grain or hay to supply an amount of energy equal to that 
supplied by the butterfat. Usually when calves are three to four 
weeks old, the butterfat of the milk may be replaced gradually. 
Several different plans of feeding may be followed after calves 
are four weeks old, provided they are then eating freely of grain 
and hay. If they are not eating some of these feeds, whole-milk 
feeding must be continued until they are. 
Skim milk is next best to whole milk as a feed for calves. It 
may be substituted gradually for whole milk beginning at about 
the third week and taking about one week to make the change. 
Skim milk may be fed at the same rate as whole milk-1 pound 
daily for each 10 pounds of live weight, up to a maximum of 18 
or 20 pounds daily. For young calves skim milk is best fed sweet 
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and warm, but for calves six months old or older it may be fed 
freshly soured or cold, provided, however, that it is fe~d _in._ uni-
form condition from feeding to feeding. Creamery skim -milk 
should be thoroly pasteurized at the factory. Skim-milk feeding 
may be continued until calves are six to twelve months old. 
Sometimes Economical to Feed Whole Milk Only. In the 
absence of skim milk, whole-milk feeding may be continued, but 
at about the sixth week the daily amount should be reduced grad-
ually until at 60 to 70 days in the case of large, vigorous calves, 
none at all is being fed. Small, slow-growing calves may require 
milk until they are three months old. 
In no case will reduced milk feeding prove successful uniess 
the calves eat freely of good-quality legume hay and grain. Under 
this plan 400 to 500 pounds of whole milk is sufficient for the 
rearing of a calf. 
Dried Skim Milk a Good Calf Feed. Dried skim milk is a 
very satisfactory calf feed when fresh skim milk is not available, 
altho it is usually more expensive than fresh skim milk. It is 
prepared for feeding by being mixed with warm water at the rate 
of 1 pound to 9 pounds of water. It should be prepared fresh at 
each feeding time and may be fed at the same rate and in the 
same manner as ordinary skim milk. 
After calves are seven to eight weeks old, dried skim milk 
may be fed dry as part of the grain mixture-about 35 pounds 
being included in 100 pounds of mixture. As the calves become 
older and eat larger quantities of the grain mixture, the propor-
tion of dried milk may be reduced gradually until at six months 
of age none at all is being fed. 
Calf Meals May Be Used to Supplement Milk. Another 
plan of calf feeding includes the use of proprietary or home-
mixed calf meals to supplement skim milk. Grain and hay are 
fed in addition. The complete substitution of calf meals for milk 
before the calves are sixty to seventy days old is not successful, 
unless the meal contains a considerable proportion of dried milk. 
General Points in Calf Feeding and Care. Following are 
eight points that should be faithfully observed in feeding and 
caring for calves. 
1. Keep calves war!ll and dry and out of cold drafts at all 
times. 
2. Supply an abundance of dry bedding; as soon after birth as 
possible, paint the exposed part of the naval cord with tincture of 
iodin or dip it in a strong solution of coal-tar disinfectant. 
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3. Wash feed pails thoroly and scald with boiling water fre-
quently. 
4. Have milk in uniform condition from feeding to feeding. 
5. Weigh or carefully measure milk for each calf. 
6. Do not overfeed. 
7. Give milk in small amounts often. 
8. In case of indigestion, reduce the amount of milk to half 
or less and feed scalded milk or raw eggs. Study the needs of 
each calf. 
FEEDING DAIRY HEIFERS 
The chief object in feeding dairy heifers is to develop them 
into large cows with strong constitutions. If such development is 
to be assured, they must be kept growing constantly. Economy in 
FIG. 5.-BLUEGRASS PASTURE PROVIDES ExcELLE T FEED FOR THE GROWTH 
OF DAIRY HEIFERS WHEN THE GRASS Is GREEN AND PLENTIFUL 
A pasture such as this provides ideal conditions for the growth and 
development of dairy heifers. Additional feed may need to be supplied, 
however, when the grass becomes short and dry. 
feeding, of course, must also be considered, but every effort 
should be made to secure rapid and continuous growth. 
There is a tendency to neglect heifers after milk feeding is 
discontinued, especially if they are turned out to pasture where 
they are not under close observation. Most heifers do not eat 
much grass when turned to pasture for the first time. Then, too, 
the pasture grass in early spring is high in water content and 
quite different in its nutritive value and effects from the feed to 
which they have been accustomed. They become thin, and unless 
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other feed is supplied may be stunted. Attacks of flies often pre-
vent them from securing sufficient feed from pasture. 
For good results, pasture feeding of heifers must be supple-
mented with barn feeding in much the same way as explained for 
cows in milk. If no pasture is available, the most essential con-
stituents of feeds needed for growth-protein, mineral matter, 
and vitamins-are best supplied by liberal amounts of legume 
hay. In addition to hay, corn silage may be fed at the rate of 2 
pounds for each pound of hay eaten. 
A grain mixture and roughage which are suitable for milk 
production are also suitable for growing dairy heifers. If the 
heifers are fed the same kinds of roughage as the cows, then the 
same grain mixture may be used. If the roughages are different, 
a suitable mixture may be selected by consulting the formulas on 
pages 8 to 11. The grain mixture may be fed at the rate of Y3 
to Yz pound daily for each 100 pounds live weight of the animal, 
or for yearling heifers 2 to 4 pounds daily. Heifers should be 
encouraged to eat all the good-quality roughage possible in order 
to develop their capacity for feed. For this reason only enough 
grain should be fed to keep the heifers growing rapidly. 
FEEDING DAIRY BULLS 
Just as there is a tendency to neglect young heifers as soon 
as the milk-feeding period is passed, so is there a tendency to 
neglect the bull calf. Adequate care for the young bull is even 
more important than for the heifer, not only because a dairy bull 
is expected to attain at maturity a weight about SO percent greater 
than that of a cow of the same breed, but also because the herd 
sire, into which it is hoped the young bull will develop, has a far 
greater influence on the future of the herd than has one female. 
Young dairy bulls may be fed in much the same way as dairy 
heifers. More grain, as a rule, is needed for bulls than for 
heifers. For the mature bull, good-quality legume hay, fed in 
amounts that are readily consumed, together with 10 to 15 
pounds of corn silage daily, forms the basis of a good ration. In 
addition, sufficient grain should be fed to keep the animal in good 
flesh without becoming fat. The grain mixture fed to the milk 
cows is usually suitable for this purpose. 
Good pasture is especially valuable for bulls. When not pos-
sible to provide pasture, some green growing crops should be cut 
and fed in the barn or exercising lot. Root crops, such as 
mangels and carrots, are very desirable in winter if silage is not 
available. These may be fed at the rate of 10 to 15 pounds daily. 
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CHARACTERISTICS OF IDEAL RATIONS 
Ideal Rations Are Palatable. The juicy, tender qualities of 
fresh pasture grass are impossible to imitate in the winter feed-
ing of Illinois cows, but much can be done to furnish rations that 
contain nearly the same proportions of nutrients in an appetizing 
form. 
Good quality and condition are the chief factors which insure 
palatability of feeds. Nearly all feeds that have high value for 
dairy cattle are appetizing. Exposure to rain, molding, injury by 
insects or plant diseases, and storage for too long a time after 
FIG. 6.-WEEDY PASTURES ARE NoT Goon FOR DAIRY Cows 
Besides being low in feeding value, weeds may cause very objec-
tionable flavors in the milk. Cows usually do not eat coarse weeds until 
forced to do so, but hunt among the weeds for the tender grass. 
grinding, lower palatability and feeding value. Palatability in 
hays is insured when they are so cured that they retain a high 
percentage of their leaves, green color, and fragrance. Moldy, 
damaged feeds lack palatability and may be injurious. 
High in Digestibility. Coarse stalks of corn, soybeans, and 
sudan grass are low in digestibility. The cobs of mature ears of 
corn have little, if any, nutritive value. 
High-producing cows cannot obtain sufficient nutriment from 
a ration containing any considerable quantity of such feeds, even 
when they are finely ground. At times, dry and low-producing 
cows may be fed some of these feeds to advantage, but for large 
milk yields the ration must consist of good-quality, highly digest-
ible feeds. 
Economical. Prices of feeds are constantly changing. At 
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times wheat may be a cheaper feed than corn. High-protein feeds 
fluctuate in price with the season, prices usually being lowest in 
spring and summer. They also vary, of course, with the amounts 
of these feeds available and are influenced by prices in other 
countries as well as importations of feeds into this country. In 
planning economical rations it is therefore necessary to figure 
constantly the relative costs of nutrients in the farm-raised as 
well as in the purchased feeds. Suggested plans for making such 
calculations are given on pages 29 to 32. 
Give Good Flavor to Milk. Good flavor is one of the es-
sential features of high-quality milk, and it is important, there-
fore, in considering the value of pastures and other feeds for 
milk production to give careful attention to their effect upon the 
flavor of the milk. Undesirable flavors may result from the con-
sumption of such feeds as corn silage, turnips, cabbage, and rape 
within a few hours before milking. Unfavorable effects are 
lessened greatly if these feeds are fed only for a short time after 
milking. · 
More objectionable flavors in milk and cream are caused by 
the consumption of wild garlic, wild onions, ragweeds, and other 
weeds in pastures, and silage made from legumes. The feeding 
of hay containing wild garlic may cause bad flavors in cream 
during any month of the year. At times off-flavors • may be so 
objectionable as to render the milk and cream unsalable. A par-
tial remedy for bad flavors is to keep the cows away from the 
substances that cause them for six to eight hours before milking. 
Include Plenty of Succulent Feed. One of the most valu-
able features of fresh pasture grass as a feed is its succulence 
or high water content. Succulent feeds are valuable in the ration~ 
not only for the nutrients which they furnish, but especially for 
their stimulating effect on the appetite and their slightly laxa-
tive effect. In Illinois, silage of various kinds and root crops are 
the two main sources of succulence for winter feeding, silage 
being more commonly used because it is the more economical. 
Are Slightly Laxative. In feeding for milk production, the 
best results are secured with rations that are slightly laxative. 
Feeds conducive to this condition include legume hays, linseed 
oil meal, wheat bran, and molasses, as well as the feeds high in 
water content, such as fresh green pasture grass, green corn, corn 
silage, man gels, and carrots. Nearly all nonlegume dry roughages, 
including corn stover, hays, corn fodder, and cereal straws, have 
a "binding" or constipating effect. 
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Promote General Health. Legume roughages, including 
clovers, alfalfa, soybeans, and cowpeas, not only have a laxa-
tive effect, but seem to have an important "protective" effect in 
promoting the general health and well-being of dairy cattle. 
Certain feeds, such as linseed oil meal and soybeans, are es-
pecially useful in securing "gloss or finish"; they aid in making 
the hair soft and pliable and in giving it sleekness. 
Moldy, heated, or fermented feeds often cause cows to go 
"off feed." Badly damaged feeds sometimes result in serious 
illness. Newly made hay and silage must be fed with caution. 
Changing suddenly from one feed to another or from barn feed-
ing to pasture may cause indigestion, diarrhea, and bad flavors 
in the milk. 
Contain Generous Amounts of Protein. A dry cow weigh-
ing 1,000 pounds needs daily an amount of protein equivalent to 
that in 2 pounds of a high-protein feed such as linseed oil meal, 
soybeans, or cottonseed meal. Milk production requires an ad-
ditional amount, for milk contains protein-about 3.5 pounds to 
100 pounds of milk-and this must come from the feed. Too 
small an amount of protein keeps cows thin and lowers milk 
yields. Feeding more than is necessary, on the other hand, is 
wasteful because protein is an expensive nutrient. 
The same considerations apply in gre~t measure to the starchy 
portion of the ration. It is therefore essential that much thought 
be given to securing a proper amount of protein, as well as the 
proper proportion of protein to the other nutrients. 
Need for Bulk in Grain Mixture Overemphasized. Nearly 
all dry feeds readily absorb water and digestive juices as soon 
as they are eaten, and thus increase considerably in bulk. Some 
feeds swell to two to four times their original volume; others 
increase only a little. 
These facts raise questions as to the necessity, or even the 
advantage, of increasing the bulk of grain mixtures by using 
ground corncobs or ground roughages. When the grain mixture 
contains 10 to 20 percent of linseed oil meal, cottonseed meal, 
or soybean oil meal-the feeds that increase greatly in bulk after 
the absorption of water-or when feeds that are naturally bulky 
in their dry state, such as wheat bran and ground oats, are in-
cluded in the ration, there probably is no advantage in using 
corncobs or other low-grade feeds simply to add bulk. In fact, 
with high-producing cows the use of low-grade materials may be 
decidedly uneconomical since it may prevent the consumption of 
sufficient digestible matter. 
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Dairy cows, however, can digest large amounts of fiber, and 
since roughages are usually economical sources of nutrients and 
provide certain ((protective" factors that are present in but small 
amounts in the concentrates, it is good feeding practice to supply 
high-quality roughages liberally. 
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FIG. 7.-FEEDS VARY WmELY IN BULK 
Compared with wheat grain, other feeds occupy more space per 
pound. After being soaked in water at the same temperature as that of 
the cow's stomach, some feeds-of which linseed oil meal is an example-
increase greatly in bulk. 
COMPOSITION OF FEEDS 
Feeds contain a large number of compounds which serve 
many useful purposes in the body. For convenience, these com-
pounds are grouped into a few simple classes, namely, proteins, 
carbohydrates (including fiber and nitrogen-free extract), fats, 
mineral matter or ash, vitamins, and water. These are the nu-
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trients of feeds, altho the term nutrient is often applied to the 
fi.r.st_.Jb.ree _classes only-proteins, carbohydrates, and fats. 
Protein. Because growth, milk production, and many of 
the body processes are entirely dependent upon the presence of 
an adequate supply of protein, this constituent of feeds is given 
much attention in planning dairy rations. A cow of ordinary 
size requires about a pound of feed protein a day simply to keep 
in good health. A cow producing at the rate of 25 pounds of milk 
a day must receive 2.5 to 3 pounds of protein in her feed, altho 
the milk contains only Ys pound of protein. Only a part of the 
feed protein is digestible, and not all of the protein which is 
digested can be changed without loss into milk protein. It is 
evident, therefore, that cows in milk must be supplied liberally 
with protein feeds. 
High-protein feeds are relatively scarce in Illinois, and for 
this reason more expensive, as a rule, than low-protein feeds. 
When more protein than necessary is fed, the surplus portion is 
of no more value than an equal quantity of the starchy portion 
of the feed. Feeding a surplus of protein to dairy cows in ex-
tremely hot weather may be harmful since it causes them to pro-
duce more heat than they can get rid of easily. 
In analyzing a feed for protein, the chemist determines the 
amount of nitrogen present, for protein is the only class of sub-
stances in feeds which contains nitrogen. Because of this, the 
protein compounds in feeds are · often termed nitrogenous sub-
stances. 
Carbohydrates. Starches, sugars, and fiber (woody materi-
al) are included among carbohydrates. They are the great sources 
of energy in livestock feeding. They form the sugar and fat 
of the milk and also body fat. . 
Starches and sugars are highly digestible, while fiber is the 
least digestible portion of the feed. Farm grains are rich in 
starches and low in fiber and thus high in feeding · value. Corn, 
rye, and wheat contain about 2 percent fiber, high-grade oats 
about 10 percent, the hulls of oats and other seeds 30 to SO per-
cent. Roughages contain 25 to 40 percent fiber and are fairly low 
in starch content. They are therefore less valuable sources of 
energy than are the farm grains. 
Grain mixtures consisting only of farm grains and mill by-
products usually contain not over 9 percent fiber. A high con-
tent of fiber in such mixtures means, therefore, that feeds high 
in fiber, such as alfalfa meal, corncobs, or excessive amounts 
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of oat hulls, have been mixed with the grains. Because the fiber 
of feeds is of less value than the other nutrients, analyses given 
on the tags attached to sacks of commercial feeds usually are 
stated in terms of the minimum amounts of protein and fat and 
the maximum amounts of fiber, or the fiber content is stated as 
not more than a certain amount. 
As stated above, the carbohydrates include both the fiber and 
the nitrogen-free extract. The chemist determines fiber by treating 
the feed sample with dilute acids and alkali solutions which dis-
solve out nearly all the other substances, leaving chiefly the fiber. 
The nitrogen-free extract, which consists of the starches and 
sugars, is not determined directly but the amount is calculated 
by subtracting from 100 the sum of the protein, fiber, fat, miner-
als, and water. The difference equals the nitrogen-free extract. 
Fats. The fats and oils of feeds are commonly termed ether 
extract also, because the chemist includes in this class all the 
substances which are extracted from a feed sample by warm 
ether. Corn, soybeans, and similar feeds contain true fats or 
oils which serve the same purpose in the body as the starches and 
sugars. In addition to the true fats and oils the ether also ex-
tracts coloring matter, waxes and resins. These latter substances, 
however, are present in feeds in but small amounts and in the 
main are indigestible. There is some evidence that the yellow 
coloring matter which the cow transfers from green feeds to the 
butterfat does have an important function in preventing disease 
in man and that the green coloring matter takes part in vitamin 
formation. 
Mineral Matter, or Ash. Mineral matter is essential for the 
growth of the skeleton and for carrying on nearly all the body 
processes. Milk is one of the best _food sources of lime, and con-
tains other minerals also. A large amount of lime must be sup-
plied in feeds for high-producing dairy cows. The chemist de-
termines the mineral matter in a feed by burning a sample of it. 
The residue consists of mineral matter, or ash. 
Vitamins. Without vitamins an animal cannot grow nor 
remain in good health. Vitamins are also essential to the pro-
duction of offspring. This class of substances, which forms a 
very, very small proportion of a feed, cannot be determined 
satisfactorily by a direct chemical test. A feeding experiment, 
usually with small animals, is necessary to determine the amounts 
of vitamins in feeds. For this reason, the vitamin content of 
feeds is not reported in an ordinary feed analysis. 
28 CIRCULAR N 0. 372 
Water. Water is a constituent of all feeds in greater or 
less amounts. Farm grains usually contain 10 to 12 percent water 
even after they have been in storage several months. Ear corn 
when cribbed may contain as much as 20 percent water. Corn 
silage, mangels, pumpkins, green corn in the field, and fresh 
green grass may contain 70 to 90 percent water. 
Water is essential in the body processes, forming a part not 
only of the body fluids, tissues, and milk, but aiding in the re-
moval of waste products, the control of the temperature, and 
many other important functions. Large amounts of water are 
needed in digestion. 
The amount of water in a feed is found by drying a weighed 
sample of it in an oven until it loses no more weight. 
VALUE OF FEEDS CLOSELY RELATED 
TO DIGESTIBILITY 
Highly digestible feeds, it was pointed out in discussing the 
qualities of good rations, are best for dairy cows. The digesti-
bility of a feed is determined by a comparatively simple method. 
Animals are fed the same amount of a given feed each day over 
a 15-to-20-day period. A sample of the feed is analyzed for 
protein, fiber, fat, etc., and the consumption of each of these 
constituents is carefully calculated. The solid excrement (dung) 
is collected carefully during the last seven to ten days of the 
feeding period, weighed, and sampled. The samples are analyzed 
for protein, fiber, fat, etc., just as in the case of the feed fed. 
The differences between the amounts of these substances fed and 
the amounts in the dung represent the amounts digested and used 
by the animal. 
The undigested portion of the feed is valueless to the animal. 
In the case of high-producing dairy cows a feed containing a 
large proportion of indigestible material may be a decided handi-
cap because it imposes an extra burden on the organs of di-
gestion and may prevent the cows from consuming enough 
digestible feed to meet their needs. 
As a rule, feeds low in fiber are high in digestibility and, 
vice versa, feeds high in fiber are low in digestibility. Thus 
farm grains and mill by-products are high in digestibility; while 
the coarse parts of cornstalks and soybean hay, corncobs, and 
cottonseed hulls are low in digestibility. The digestibility of 
farm grains and seeds is increased by grinding, the saving by 
this process in the feeding of dairy cows commonly being figured 
at 20 to 25 percent. Young calves chew grains better than older 
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cattle, so the saving in grinding grains for calves is not so great 
as for cows. Ground hays and corn fodder have been shown in 
tests by several experiment stations to have no greater digesti-
bility than the same roughage fed in whole form. 
Soaking, cooking, ·or fermenting feeds does not, as a rule, 
increase their digestibility. A cow very heavily fed does not 
digest her feed quite so fully as when the same kind of feed is 
given in smaller amounts. 
The digestible portions of the proteins, carbohydrates (fiber 
and nitrogen-free extract), and fats of a feed are termed di-
gestible nutrients. In calculating the "total digestible nutrients" 
of feeds, as given in Table 6, the digestible fat is multiplied by 
2~ and to this value is added the sum of the digestible protein, 
digestible fiber, and digestible nitrogen-free extract. 
CALCULATING THE RELATIVE ECONOMY 
OF FEEDS 
Crops Differ Widely in Feed Value 
Acre-yields of the various grain and seed crops grown in 
Illinois differ widely. This is true also of hay crops. These 
differences in crop yields mean, in most cases, that some crops 
give much greater feed value to the acre than do others. This 
variation is found not only with respect to total digestible nu-
trients, but to an even greater extent with respect to digestible 
protein. The dairy farmer who seeks to feed his cattle economi-
cally must therefore study his cropping system carefully and 
plan to raise for feed those crops that will give the gr~atest 
nutrient value to the acre. The nutrients yielded by some crops 
commonly grown in Illinois are shown in Table 5 (back cover). 
Since market prices of feeds are constantly changing, it is 
necessary, in order to feed cows economically, that the cost of 
nutrients in feeds be calculated before purchasing them. If some 
of the farm-raised feeds are high in price, it may be possible to 
exchange them profitably for feeds available on the market. As 
a rule, wheat is too high in price to be an ec.onomical feed, tho 
at times it may furnish nutrients more cheaply than corn or oats. 
A method for computing the cost of total digestible nutrients 
and two methods for calculating the cost of protein in feeds are 
given below. 
Computing Cost of Digestible Nutrients 
Example: Assuming that the following feeds are available 
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at the prices given, which furnishes total digestible nutrients most 
cheaply? 
Barley ... . ...................... . ..... . . $ .56 per bu. 
Corn, grade No. 3. . . . . . . . . . . . . . . . . . . . . . . . .68 per bu. 
Corn gluten feed . . .. . .. .. .. . ............. 33.00 per ton 
Cottonseed meal, 43% protein ...... . ...... 43 .00 per ton 
Linseed oil meal ...... .. . .. .. .. .. . ... . ... 53.00 per ton 
Oats . . . .... . ... .. . .... ................ . . .41 per bu. 
Soybean seed. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.20 per bu. 
Wheat. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 per bu. 
A bushel of barley weighs 48 pounds. The value of 100 
pounds of barley at 56 cents a bushel is $4~6 X 100 = $1.17. 
Adding 15 cents to cover cost of grinding makes the total cost of 
100 pounds $1.32. 
Turning to Table 6, we find that 100 pounds of barley furnish 
79 pounds of total digestible nutrients. Then $~~2 = $.0167, the 
cost of a pound of total digestible nutrients. 
Similar calculations for the other feeds give the following 
results: 
Total Cost of 
Value of digest- 1lb. 
100 lbs. ible nu- total 
Weight Price Value of of feed trients digest-
per bu. per bu. 100 lbs. after in 100 ible nu-
or ton or ton of feed grinding1 lbs. trients 
lbs. lbs. 
Barley . .... .. .... . .. 48 $ .56 $1 . 17 $1 .32 79 $ .0167 
Corn, grade No.3 .... 56 .68 1 . 21 1.36 80 .0170 
Corn gluten feed .. .... 2000 33.00 1 .65 1.65 80 .0206 
Cottonseed meal, 43 % 2000 43.00 2.15 2 . 15 76 .0283 
Linseed oil meal . .. . .. 2000 53 .00 2 .65 2 . 65 77 .0344 
Oats .. .. .... .. .. ... . 32 .41 1 .28 1.43 70 .0204 
Soybean seed .. . ...... 60 1.20 2 .00 2.15 96 .0224 
Wheat .... . . .. ...... 60 . 70 1.17 1.32 80 .0165 
CFifteen cents per hundredweight is allowed for grinding grains and 
soybeans.) 
Thus at the prices given, wheat furnishes total digestible nu-
trients most cheaply, then barley, corn, and oats. The high-
protein feeds, at the prices used, are more expensive sources of 
total digestible nutrients than farm grains, altho at times they 
may be cheaper feeds from this standpoint than the grains. 
Computing Cost of Protein in Feeds 
The cost of a pound of total protein in feeds is easily calcu-
lated and gives a fairly good basis for comparing the relative 
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economy of different feeds as sources of protein. A more ac-
curate but more complicated method is to compute the cost of 
the digestible protein. Both methods are illustrated here.-
Total Protein Method. This method assumes that feeds 
are being purchased for their total protein content only, and dis-
regards the feeding value of the other nutrients. 
Example: When linseed oil meal (old process) sells for $3.20 
per 100 pounds and wheat bran for $1.60, which is the more 
economical source of protein? 
Price of linseed oil meal per cwt . ... ....... . ..... . $3 . 20 
Total protein in 100 pounds . . ..... . ............. . 34 lbs. 
$3.20 ~ = $.094, the cost per pound of protein 
Price of wheat bran per cwt ...................... $1 . 60 
Total protein in 100 pounds .. .................... 15 lbs. 
$1.60 
---rs- = $.107, the cost per pound of protein 
Thus linseed oil meal at $3.20 per 100 pounds furnishes pro-
tein slightly cheaper than wheat bran at $1.60. 
Digestible Nutrient Method. This method considers di-
gestible protein rather than total protein and at the same time 
makes allowance for the feeding value of other nutrients present. 
Even the feeds highest in protein contain large amounts of car-
bohydrates and fats. The value of the digestible carbohydrates 
and fats is computed at their cost in corn, using the current 
market price of corn. Since corn contains some protein, the 
digestible carbohydrates and fats of each protein feed are com-
bined (by calculation ) with enough protein from that feed so that 
the mixture contains the same proportion of protein as does 
corn. The value of this mixture at the market price of corn is 
called the "corn value" of that feed. The protein remaining after 
calculating this mixture is called the "excess" protein. 
The cost of a pound of digestible protein is readily calculated 
by means of Table 4. To use Table 4: 
1. Find the "corn value" of the feed under consideration. 
2. Subtract the "corn value" from the price of the feed per ton. 
3. Divide this remainder by the number of pounds of "excess pro-
tein." This quotient is the cost of 1 pound of digestible protein in that 
f eed. 
Example: When corn is worth 60 cents a bushel, will cotton-
seed meal, 41 percent . protein, at $50 a ton, furnish digestible 
protein more cheaply than wheat bran at $30 a ton? 
Price of cottonseed meal. . . ... ... . . .... . .... $50. 00 a ton 
"Corn value" of cottonseed meal. . . . . . . . . . . . 12.06 a ton 
Difference (cost of "excess" protein) ......... $37.94 
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TABLE 4.-VALUES FROM WHICH CosT OF DIGESTIBLE PROTEIN IN FEEDS 
MAY BE CALCULATED1 
"Em!'" I "Corn value" of one ton of feed named when the protem Feed price of corn per bushel is-per ton 
lbs. 30~ 40¢ ~~  70¢ 80¢ 90¢ 
--- --- - ----
44 Barley .. . . .......... $10.25 $13 . 67 $17 . 09 $20 . 51 I S~3. 93 $27.34 $30 . 76 
0 Corn . .... . . .... ... . . 10.71 14.29 17 . 86 21.43 25 . 00 28 . 57 32 . 13 
314 Corn gluten feed .. . . . 7 . 05 9.41 11.76 14 . 11 16 . 46 18 . 81 21.16 
578 Corn gluten meal. . . .. 7 . 36 9 . 82 12 . 27 14.72 17 . 18 19 . 63 22 . 09 
643 Cottonseed meal43 % .. 5 . 88 7 . 84 9 . 80 11 . 77 13 . 73 15 . 69 17.65 
573 Cottonseed meal41 % .. 6 . 03 8 . 04 10 . 05 12 .06 14 . 07 16 .08 18 . 09 
537 Cottonseed meal36% .. 6 . 19 8 . 25 10 . 32 12 . 38 14 . 45 16 . 51 18.57 
285 Cowpea seed ..... .... 8 . 51 11 .34 14 . 18 17 . 02 19 . 85 22 . 69 25 . 52 
507 Linseed oil meal 0. P ... 6 . 93 9 . 24 11 . 55 13 . 85 16 . 16 18.47 20 . 78 
77 Oats .. . . . . . ... ..... . 8 . 83 11.77 14 . 71 17 . 66 20 . 60 23 . 54 26 . 48 
696 Peanut oil meal ..... . 6 . 12 8 . 16 10 . 20 12 . 23 14 . 27 16 .31 18 . 35 
61 Skim milk ... . ..... .. . 81 1.08 1.35 1.62 1.89 2 . 16 2 .43 
664 Soybean oil meal . . . .. 5 . 68 7.57 9 .46 11 . 35 13 . 24 15 . 14 17 . 03 
512 Soybea n seed ... . . . . . 9 . 36 12.48 15 . 60 18.71 21.83 24 . 95 28 . 07 
48 Wheat .. ....... ... .. 10.43 13 . 90 17 . 38 20 . 86 24 . 33 27.81 31 . 28 
157 Wheat bran ... .. ... . . 7 . 17 9 . 49 11 . 86 14 . 23 16 . 60 18 . 97 21 . 34 
162 Wheat middlings, 
standard ..... . . .. . 8 . 25 10 . 99 13 . 74 16.49 19 . 24 21 . 99 24 . 74 
lAdapted from Circular 152 of this Sta tion, "Feeding Dairy Cows," by C. C. Hayden. 
"Excess" protein in cottonseed meal (see Table 4) is 573 
pounds. $37.94 divided by 573 equals $.066, which is the cost of 
a pound of digestible protein in cottonseed meal, 41 percent, when 
allowance is made for the value of the nutrients other than pro-
tein, in terms of their value in corn. 
Price of wheat bran . .. .. .... . .. . . . ......... $30 .00 a ton 
"Corn value" of wheat bran. . . . . . . . . . . . . . . . 14 .23 a ton 
Difference (cost of "excess" protein) . ....... . $15 . 77 
"Excess" protein in wheat bran (see Table 4) is 15.7 pounds. 
$15.77 divided by 157 equals $.10, which is the cost of a pound 
of digestible protein in wheat bran on a corn basis. 
Cost of 1 pound of digestible protein in wheat bran . . $ . 100 
Cost of 1 pound of digestible protein in cottonseed meal.. . 066 
Difference ......... . ....... . ............. . ...... $ . 034 
At the prices given cottonseed meal at $50 a ton is therefore 
a cheaper source of digestible protein than is wheat bran at $30 
a ton. 
SIMPLE METHOD OF BALANCING RATIONS 
The feeder who has studied carefully· the preceding sections 
dealing with the composition and qualities of feeds is in a po-
sition to make up formulas for grain mixtures which may be 
more economical than the formulas suggested on pages 8 to 11. 
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A close study of feed prices shows that decided savings may re-
sult by occasionally changing the formula used. The simple 
method of balancing rations outlined here has been used suc-
cessfully by hundreds of Illinois dairymen. 
This method consists of calculating a grain mixture that 
will supplement properly the particular kind and quality of 
roughage being used. Its success depends very largely, therefore, 
upon the ability of the feeder to judge the quality of the rough-
age. When, however, the grain mixture is based on a careful 
study of the roughage it is to supplement, much more accurate 
feedin,g is done than under the old system in which all rough-
ages were assumed to have average composition. 
This is known as the total-protein method since the percent-
ages of total protein in the feeds are used and not the digestible 
protein values as in the older methods. The total-protein method 
is of decided value in that the value or cost of a home-mixed 
grain mixture may be compared directly with market prices of 
ready-mixed feeds. In calculat.ing grain mixtures according to 
this method the following rules should be observed: 
I. When the roughage consists of alfalfa, clover, cowpea, or soy-
bean hay only (that is, when no silage, stover, or pasture is allowed), 
the grain mixture should contain from 12 to 15 percent total protein. 
II . When the roughage consists of good-quality legume hay, together 
with silage or stover, or when mixed hay alone is fed, the grain mixture 
should contain from 15 to 18 percent total protein. 
III. When the roughage is all nonlegume, such as timothy, redtop, 
millet, sudan grass, silage and stover, the grain mixture should contain 
from 18 to 22 percent total protein. 
IV. When the roughage is of excellent quality, the lower percent-
age of protein in each case is used, but if the roughage is weathered, 
has few leaves, or contaiqs a large proportion of weeds, the higher figure 
should be used. 
Using the values for total protein shown in Table 6, a formula 
for a suitable grain mixture may be calculated as follows: 
Example: Suppose that some medium-quality soybean hay 
and corn silage, together with ear corn and oats are on hand. 
With this kind of roughage (partly legume and partly nonleg-
ume ) , a grain mixture containing 15 to 18 percent total pro-
tein is needed; since the hay is of medium quality, it is best to 
use the values of 16 to 17 percent. 
Corn-and-cob meal and oats will not make a mixture con-
taining 16 to 17 percent total protein, for the table shows that 
corn-and-cob meal contains only 8 percent total protein and oats 
only 12 percent. Therefore, some feed or feeds with a high 
percentage of protein must be combined with the corn and oats. 
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Let us add cottonseed meal and wheat bran and try the following 
mixture: 
Amount of total protein 
In 100 In amount of 
pounds of feed used in 
feed mixture 
lbs. lbs. 
300 lbs. Corn-and-cob meal .... . 8 24 
200 lbs. Ground oats .......... . 12 24 
200 lbs. Wheat bran ... . ...... . 15 30 
100 lbs. Cottonseed meal, 43% .. 43 43 
800 lbs. 121 
This shows that 800 pounds of the mixture contains 121 
pounds of total protein. Each 100 pounds of mixture then con-
tains 15.1 pounds of total protein, or in other words, 15.1 per-
cent. This is less than the percentage necessary, so we may in-
crease the amount of cottonseed meal and try a mixture of: 
300 lbs. Corn-and-cob meal . ... . 
200 lbs. Ground oats ..... .. ... . 
200 lbs. Wheat bran .......... . 
125 lbs. Cottonseed meal, 43% .. 
825 lbs. 
Amount of total protein 
In 100 In amount of 








This mixture contains 132 pounds of total protein, or 16 
percent, which meets the requirements satisfactorily. 
The above mixture should be fed in accordance with the di-
rections given on pages 8 to 11. The cost of the mixture may 
be calculated thus: 
Prices used: ear corn, 74 cents a bushel; oats, 42 cents a 
bushel; wheat bran, $36 a ton; cottonseed meal, $58 a ton. 
Ear corn: $.74 + 70 (pounds per bu.) X 300 ..... . $ 3.17 
Oats: $.42 + 32 (pounds per bu.) X 200 . . . . . . . . . . 2 . 63 
Wheat bran: $36 + 2000 (pounds per ton) X 200 . . 3 . 60 
Cottonseed meal: $58 + 2000 (pounds per ton) X 
125 ......... . ........ ..... ...... . . .. . .. . .. 3 . 63 
Grinding 500 pounds corn and oats@ 15¢ per cwt.. . 75 
Total cost for 825 pounds of mixture ............ $13 . 78 
Dividing $13.78 by 825 and multiplying by 100 gives $1.67, 
the cost of 100 pounds of mixture. 
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SIMPLE CLASSIFICATION OF FEEDS TO AID IN 




Legume hays, in good condition 
Roots and tubers 






Corn gluten feed 
Corn gluten meal 
Hominy feed 
Linseed oil meal 
Molasses 






Roots and tubers 
Fresh green roughages 
Roughages 
Corn stover 
All hays except legumes 
Straws from the cereal grains 
Concentrates 
Flaxseed meal Soybeans 
Linseed oil meal Soybean oil meal 




Sweet sorghum cane seed 
High-Protein Feeds 
Roughages Concentrates 
Coconut meal Linseed meal 
Corn gluten feed Peanut meal 
Corn gluten meal Peas and beans 
Cottonseed meal Soybeans 
Flaxseed meal Soybean oil meal 
Medium-Protein Feeds 
Roughages 
All legume hays (as compared 


















SOME COMMON PROBLEMS IN DAIRY FEEDING 
Recent discoveries in the field of animal nutrition, together 
with the development of new types of machinery, have caused 
many questions to be asked regarding the need of dairy cattle 
for minerals and vitamins, the value of grinding roughage, the 
fermenting of feeds, etc. Some of these questions are answered 
more or less completely in the following sections. Based on the 
present state of knowledge these recommendations are, of course, 
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tentative; future experimental findings may make modifications 
necessary. 
Is It Necessary to Feed Mineral Supplements?1 
Salt is required in large amounts by dairy cows in milk, as 
most dairymen know. It supplies sodium and chlorin, two of the 











UNSEED OIL MEAL •• 
CORN STOVER 
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POUNDS OF LIME. PER TON 
FIG. 8.-LEGUMES ARE THE BEsT SouRcEs OF LIME FOR DAIRY Cows 
The legume hays are remarkable for their high content of lime, as 
compared with other feeds. A ton of cowpea hay contains 125 times as 
much lime as a ton of shelled corn. 
deficient. All dairy cattle, except very young calves, should have 
free access to salt. When this is not feasible, salt may be in-
cluded in the grain mixture at the rate of 1.5 to 2 pounds to 100 
pounds of grain. 
1A more complete discussion of this subject is contained in Circular 
281 of this Station, "The Feeding of Mineral Supplements to Livestock." 
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Calcium, an element 
found in lime, is apt to 
be deficient in rations 
that include no legumes, 
particularly if the rough-
age is grown on acid 
soils or on soils low in 
fer t i 1 it y. Roughages 
grown on soils rich in 
lime may contain twice 
as much calcium as the 
same kinds of roughages 
grown on highly acid 
soils. 
Legumes, used either 
·as pasture crops or as 
well-cured hay, and skim 
milk are the best-known 
sources of calcium for 
dairy cattle. When leg-
umes cannot be supplied, 
calcium m a y b e fur-
nished in steamed bone 
meal of feeding grade. 
The bone meal may be 
mixed with the grain at 
the rate of 2 to 3 pounds 
for each 100 pounds of 
grain mixture or, for 
cows on pasture, may be 
mixed with one-fourth 
as much salt and sup-
plied in boxes to which 
the cattle have free ac-
cess. 
Rock phosphate was 
formerly recommended 
as a source of both cal-
cium and phosphorus for 













CORN GERM OIL MEAL 
CORN GLUTEN MEAy..-• 
SOYBEAN SEED 
SOYBEAN OIL MEAL·-· 
LINSEED OIL MEAL·-· 
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CORN GLUTEN FEED •••• 
WHEAT BRAN 
COTTON SEED MEAL······j 
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POUNDS OF PHOSPHORUS PER TON 
FIG. 9.-HIGH-PROTEIN FEEDS ARE THE 
BEST SOURCES OF PHOSPHORUS 
FOR DAIRY Cows 
Phosphorus deficiencies may occur 
when high-protein feeds are not used. 
Farm grains are relatively poor sources 
of this element. 
stance, however, has been found to produce such harmful results 
when fed to dairy cattle that its use is no longer advised. 
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Phosphorus may be deficient when the ration is made up 
largely of roughage, since most roughages contain but little of 
this element. Roughages grown on soils poor in phosphorus may 
be low in phosphorus content. This deficiency, which may lead 
to very serious disturbances in the health of the animals, can 
be remedied easily. In most cases the best way is to supplement 
grain mixtures properly balanced for protein content with feeds 
that are good sources of phosphorus; namely, wheat bran, cot-
tonseed meal, linseed oil meal, and gluten feed. Steamed bone 
meal is a good source of phosphorus as well as of calcium and is 
the best feed for remedying phosphorus deficiencies when high-
protein feeds are not used. 
Iodin is sometimes deficient in the feed and water of dairy 
cattle in the Great Lakes region. The deficiency is evidenced by 
the presence of goiter in the calf at birth or by its development 
soon after birth. The trouble is easily prevented by supplying 
small amounts of iodin to cows during the last two to three 
months of pregnancy. 
Directions for preparing small amounts of iodin solution to 
be added to the feed are contained in Circular 281 of this Station, 
"The Feeding of Mineral Supplements to Livestock." Iodized 
salt for stock feeding is available on the market and may be 
used with greater safety, as a rule, than home-mixed preparations. 
Fish meal and kelp are also possible sources of iodin for cattle, 
but they usually are more expensive than the others mentioned. 
Unless evidences of iodin deficiency have been observed, no bene-
fit is likely to be derived from feeding iodin supplements. 
Complicated Mineral Mixtures Not Necessary. There is 
no satisfactory evidence that minerals other than those mentioned 
above are lacking in farm rations for dairy cattle. The sug-
gestions given offer convenient and economical methods of pre-
venting or remedying the deficiencies. Many mineral mixtures 
now on the market claim to have high value because they con-
tain sulfur, iron, and various drugs. There are no satisfactory 
experimental results, however, to warrant the feeding of such 
complicated mixtures to healthy animals; in fact the continued 
use of mixtures containing drugs and unnecessary minerals may 
prove harmful. 
Is a Variety of Proteins Necessary? 
The necessity or advantages to be gained from the use of mix-
tures containing a large number of different feeds has been much 
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emphasized in recent years. Plants of different kinds contain 
proteins of different composition, and it is claimed that the pro-
teins of a variety of feeds will be used more efficiently than the 
proteins in simple mixtures made up of one or two farm grains 
and a single protein supplement. 
Carefully conducted investigations show that there is little, 
if any, foundation for such claims when good-quality roughages 
and properly balanced grain mixtures are used. Experiments 
have shown that the proteins of simple mixtures such as Nos. 1 
to 24 (pages 9 to 11) when fed in connection with good-quality 
roughages of the kinds indicated, give just as efficient results 
as mixtures containing a much greater variety of feeds. A gen-
eral guide which may be followed in determining the adequacy 
of the proteins is that a ration is satisfactory when it contains 
feeds from four different kinds of plants. Thus when corn silage 
and red-clover hay are fed with a grain mixture consisting of 
corn, oats, and linseed oil meal, four different kinds of plants are 
represented. 
When, however, cows are receiving 15 or more pounds of 
grain mixture daily, there is a special advantage in using grain 
mixtures that contain a number of different feeds, the advantage 
being that the appetites of the cows are better maintained. 
How Can Vitamins Be Supplied? 
Dairy cattle receiving rations containing well-cured legume 
hay in liberal amounts, together with well-balanced grain mix-
tures, are not likely to suffer from a deficiency of vitamins. 
Green growing pasture grasses and legumes are among the very 
best sources of vitamins; and if they are properly supplemented 
for growth or milk production, an adequate supply of vitamins is 
assured. 
When pasture crops become dry and short and supply insuffi-
cient amounts of roughage, or when the only roughage fed con-
sists of oat or wheat straw, there may be an insufficient vitamin 
intake. 
Next to green growing crops, hays that have been so cured 
that they retain much of their original green color and fra-
grance are the best-known sources of vitamins. The best feeding 
practice, therefore, for cows having no pasture or scant, dry 
pasture, and for all cows during the barn feeding season, is to 
supply liberal amounts of carefully cured hay well-balanced with 
grain mixtures. Farm grains and seeds and most of the mill 
by-products contain at least moderate amounts of vitamins. 
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So far as is now known, there is no advantage in adding 
vitamin-rich substances, such as cod-liver oil and yeast, to rations 
for milk production. 
Does Feed Cause Abortion? 
Cases of abortion sometimes occur when the ration is very 
deficient in calcium, but these cases are few and can be prevented 
by supplying calcium-rich feeds. Abortion is usually caused by 
disease germs, and there is no proof that the feeding of mineral 
mixtures will prevent or cure this type of abortion. It has been 
demonstrated, 'in fact, that dairy cows that received good ra-
tions, including good-quality alfalfa hay, were fully as subject 
to attacks of infectious abortion as cows that had poor rations, 
including timothy hay. 
Is It Economical to Grind Roughages? 
Grinding and cutting coarse roughages such as corn stover 
and soybean hay reduce the amount of refused feed as compared 
with the same feeds given in whole form; but the coarsest por-
tions of these feeds, which are the parts usually refused, are the 
lowest in nutritive value of any of the parts, and it therefore 
becomes a question whether there is any advantage in the process. 
Under most conditions dairy cattle consume good-quality al-
falfa and red-clover hays with little or no waste. The digesti-
bility of the hay, it has been shown by a number of experiments, 
is not increased by grinding. There would therefore appear to 
be no advantage in grinding good-quality hay for dairy cattle. 
Coarse-stemmed, over-ripe, or weathered alfalfa and red-clover 
hays may be more completely consumed when ground, but the 
coarse portions of such feeds are low in feeding value, and it 
is therefore a question whether cows capable of high produc-
tion should be forced to eat them. 
In feeding soybean, cowpea, and sweet-clover hays, the re-
fused feed, consisting of coarse stems, may form 10 to 25 per-
cent of the hay fed. In the case of corn stover, SO percent is 
often refused. Soybean stems contain 3 to S percent protein and 
SO to 55 percent fiber compared with 12 to 16 percent protein and 
25 to 30 percent fiber in the whole hay. Stems of sweet-clover 
hay contain only 8 to 10 percent protein and as much as 40 to SO 
percent fiber, while the leaves contain 20 to 25 percent protein 
and only 10 to 12 percent fiber. Both leaves and stalks of corn 
are high in fiber and low in protein, but the leaves often contain 
FEEDING THE DAIRY HERD 41 
twice as much protein and only three-fourths as much fiber as the 
stalks. It is evident, therefore, that when these roughages are fed 
in whole form, the portions that are consumed are higher in 
feeding value than the refused portions. 
The nutrients in the coarse stems are very low in digestibility. 
In an experiment at the Illinois station in which whole and 
ground soybean hay were fed to dairy cows, 14 percent of the 
whole hay and 2 percent of the ground hay were refused. Cut-
ting the soybean hay by means of a silo filler gave nearly as good 
results as grinding, and the labor and power used were very 
much less. While grinding effected a saving of 12 percent in the 
amount of hay consumed, it was calculated that the increased 
feeding value of the hay amounted to only 5 percent. Judging 
from this result, one could afford to pay for grinding soybean 
hay an amount equal to 5 percent of its market value. The sav-
ing brought about by grinding feeds with coarse stems is there-
fore more imaginary than real. 
Ground hay fed dry has two serious disadvantages. The dust 
that arises during grinding and handling causes irritation and in-
flammation in the throats of the men doing the work, and the dust 
is objectionable in a barn where high-grade milk is being pro-
duced. When ground hay is mixed with ground grain, these diffi-
culties are reduced to some extent, but it is almost impossible to 
feed such a mixture in accordance with the needs of dairy cows, 
for good feeding practice requires that a cow be fed about the 
same amount of roughage each day but that the amount of grain 
mixture be changed with changes in milk yield. 
Any Advantage in Fermenting or Processing Feeds? 
Several different processes for "fermenting" or "converting" 
feeds have been placed on the market during recent years. The 
general plan is to add substances such as yeast or malt, together 
with hot water, to either whole or ground roughages, depending 
upon the process used. Heat is sometimes applied to hasten the 
fermentation or conversion process. 
One of the chief advantages advanced in favor of these proc-
esses is that coarse feeds, which are only partially consumed 
when fed in whole, dry form, are somewhat more completely con-
sumed when treated in these ways. Aside from this possible 
advantage, such processes have little to commend them, for they 
involve amounts of labor and expenditure for equipment and ma-
terials seldom warranted py the results obtained. The protein 
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content of feed treated in this manner of course is not increased 
except to the extent of the protein contained in the "converter" 
or other substances added. 
FEEDING VALUE AND QUALITY OF 
INDIVIDUAL FEEDS 
Roughages 
Alfalfa Hay. The best dry roughage for dairy cows is 
good-quality alfalfa hay. It is distinctly superior to other hays in 
being very palatable, and it is consumed with practically no waste. 
FIG. 10.-ALFALFA HAY PossEssEs MosT oF THE QuALITIES oF 
AN IDEAL RATION 
Alfalfa hay is high in protein, lime, and vitamin content, and pro-
duces a desirable physiological effect. It is also one of the most palat-
able hays and yields a large amount of digestible nutrients to the acre. 
Curing the hay in shocks helps to save the leaves, which are especially 
high in protein and minerals. 
Like other legume hays, such as clover, soybean, and cow-
pea, alfalfa hay is high in protein, lime, and vitamin content and 
has an especially good effect on the condition and health of the 
animals. 
Red-Clover Hay. The most popular legume grown in Illi-
nois, as judged by the acreage, is red clover. Good-quality red-
clover hay . is excellent for dairy cattle, tho not quite so high in 
protein as alfalfa hay. 
For best-quality hay, red clover should be cut when not more 
than one-third of the blooms have become brown. 
Soybean Hay. Large amounts of soybean hay are fed to 
dairy cattle in Illinois. It ranks close to alfalfa in protein and 
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lime contents. The finer portions are high in palatability, but 
from 10 percent to 20 percent of the hay fed is usually refused. 
The refused portion consists of coarse stems, which are very low 
in feeding value. As a rule, dairy cows should not be forced to 
eat these stems. 
Soybean hay carrying a high proportion of beans tends to dull 
the appetite when fed in large quantities. On this account soy-
bean seed should not be used in the grain mixture when soybean 
hay containing seed forms the chief roughage. Best results with 
hay of this sort are obtained when red-clover or alfalfa hay is fed 
in liberal amounts once a day and soybean hay at other times. 
The stage at which soybeans may best be harvested for hay is 
still unsettled. In experiments at this Station the acre-yield of 
hay doubled during August and the percentage of protein was not 
decreased. 
Cowpea Hay. Good-quality cowpea hay containing seed 
ranks very high as a feed for milk production. It is rich in pro-
tein and lime and is very palatable. The quality of cowpea hay is 
often poor on account of difficulty in curing, and when this is 
true there may be quite a high proportion of refused feed. 
Sweet-Clover Hay. When sweet clover is harvested for 
hay the same season as sown, good-quality hay of high feeding 
value may be secured. The fall growth is fine-stemmed and as 
high in protein as alfalfa. When harvested during the second 
year of growth, the protein content is less and the stems are large 
and coarse, causing much waste. The coarse stems are low in 
FIG. 11.-SOYBEAN HAY HAs MANY OF THE ExcELLENT QuALITIES OF 
ALFALFA AND CAN BE GROWN READILY IN MosT 
pARTS OF ILLINOIS 
This annual legume makes an excellent emergency hay crop, yield-
ing a large amount of high-protein hay the same season as sown. It can 
be grown on soils too acid for alfalfa and sweet clover. 
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feeding value, as in soybean hay. Care must be taken not to feed 
cattle moldy sweet-clover hay, for it often causes death. 
Timothy Hay. Timothy hay is not a good feed for dairy 
cows. It is low in protein and lime content and has a constipat-
ing effect. High-protein grain mixtures needed to properly sup-
FIG. 12.-CoRN Is ONE OF THE BEsT CRoPs FOR SILAGE 
The corn plant furnishes a large amount of digestible matter to the 
acre and produces palatable and nutritious feed. 
plement it are much more expensive, as a rule, than grain mix-
tures fed with alfalfa or other legume hays. 
Millet Hay, Sudan Grass Hay, and Bluegrass Hay. These 
hays are similar to timothy hay in feeding value, having many of 
the same qualities. There is a tendency to feed too little protein 
for milk production when these roughages are used. No dairy 
cattle thrive well on roughages of this sort. 
Corn Silage. Corn silage is one of the best roughages for 
milk production. It is very low in protein content, however, and 
is best fed with legume hay. Altho rather high in water, it fur-
nishes more nutrients per pound of dry matter than good-quality 
hay furnishes. Besides its high nutritive value, it induces a very 
excellent physical condition in cattle and stimulates their appe-
tites. It fulfils many of the same functions in winter that fresh 
grass does in summer. For best results silage must be of good 
quality; when moldy it sometimes causes serious illness. 
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The statement is sometimes made that silage is necessary in 
order to produce milk successfully. While silage is a desirable 
and economical feed, yet high milk yields can be secured econom-
ically without silage or roots, provided high-quality legume hay is 
fed liberally. Feeding silage as the only roughage· is not good 
practice, because it is low in lime content. 
The value of corn silage may be computed readily by assum-
ing that a ton of silage contains 5 bushels of shelled corn and 
that the stalk portion is equivalent in feeding value to 270 pounds 
of mixed hay. The value of the corn and hay may be computed 
at market prices, the sum of the two equaling the value of a ton 
of silage. 
Corn Stover and Fodder. Corn stover is low in protein and 
total digestible matter, but compares favorably in composition 
with timothy hay. Since the coarser parts of the stover are left 
uneaten, it is a relatively poor roughage, even compared with 
timothy hay. Stover loses rapidly in feeding value if left in 
shocks in the field because rains leach away much of the valuable 
constituents. Shredding it and storing it under cover helps to 
preserve its feeding value and makes it more convenient to feed. 
The uneaten portion of shredded stover makes excellent bedding. 
Many dairymen commonly turn their cows into fields of 
standing cornstalks after husking out the grain. The economy of 
this practice for cows in milk is questionable. The cows may at 
first secure some grain which has been overlooked, but it is 
doubtful if the nutrients derived from the stover are sufficient to 
offset the effects of exposure and excessive exercise. Certainly 
the practice is a very bad one when the weather is severe and 
when the cows are in milk. Some use of stalk fields may be eco-
nomical in mild weather for dry cows and growing heifers if 
some high-grade feeds such as legume hay and protein concen-
trates are supplied in addition. 
Corn fodder-that is, the corn plant from which the ears have 
not been removed-is not commonly fed in unground form to 
dairy cows on account of the lower digestibility of the whole 
grain than of the ground grain. An exception is sometimes made, 
however, when the grain is too immature, or ((soft," to be stored 
separately, or when the ears are too small to pay for husking. The 
use of corn fodder for dairy cows may be economical under such 
conditions, but the same objections apply to the forage part of the 
fodder as to corn stover. Under no circumstances should corn 
fodder alone be considered a complete or balanced ration for milk 
production; some protein feeds are needed in addition. 
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Roots. Roots such as mangels, sugar beets, and rutabagas 
are valuable because they stimulate the appetite and have a laxa-
tive effect. They are especially favored for the feeding of cows 
on test for Advanced Registry records. Roots contain only one-
Fie. 13.-PAsTURING STALK FIELDS IN WINTER Is OF DouBTFUL 
EcoNOMY FOR DAIRY Cows 
The practice of pasturing stalk fields in cold weather is one of the 
chief reasons for the failure to secure more profitable production in many 
dairy herds, for it is doubtful if cows in milk secure enough nutriment 
from the stalks to offset the effects of exposure. 
third to one-half as much dry matter as corn silage, and therefore 
may be fed in larger amounts than silage. Fifty to 60 pounds or 
more daily may be fed. Roots should be sliced or pulped before 
feeding. Rotten or damaged portions should not be fed. 
Root crops grown in the corn belt are usually expensive com-
pared with corn silage, on account of the labor involved in their 
production. · 
Pumpkins. Pumpkins offer many of the desirable proper-
ties provided by silage and roots. Their feeding value is often 
overestimated, however, on account of their high water content, 
which usually is 90 percent or more. 
Straws. Straws of cereal grains have but a very limited 
place in the rations of dairy cattle. Their feeding value is so low 
that there is no economy, as a rule, in feeding them to cows in 
milk. They may be useful in limited amounts when fed with 
some high-quality legume hay to dry cows not due to calve for 
several months. Dairy cattle having free access to straw piles 
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usually have a rough appearance, which indicates a poorly nour-
ished condition. 
Straws of soybeans and cowpeas are of fair feeding value 
when they contain considerable proportions of leaves. When 
these crops are grown for seed, most of the leaves have dropped 
off before harvest. Threshing causes a further loss of leaves 
by shattering, so that the straw consists chiefly of stems and pods. 
Such roughage is low in protein and digestibility, and much of it 
is left uneaten. 
Farm Grains and Seeds 
The cereal grains, such as corn, oats, barley, and wheat, are 
excellent feeds for milk production, and when fed on the farm 
where grown, usually form the most economical basis for a good 
grain mixture. These grains are low in protein content, how-
ever, and in most cases must be combined with other feeds higher 
in protein. Usually it is economical to grind these grains since 
digestibility is increased thereby. 
Corn. For dairy cows, corn is the most palatable of all 
grains. It cont~ins about one-seventh more digestible nutrients 
per 100 pounds than oats and is thus a much cheaper feed when 
both grains sell at the same price per pound. Some dairymen 
prefer to feed ground ear corn, or corn-and-cob meal, rather than 
to shell corn and grind it. The added bulk of the ground cobs 
has been thought to add to the digestibility of the ground corn, 
altho such an advantage is questionable. While analyses show 
that corn cobs apparently have considerable nutritive value, feed-
ing trials show no advantage of the corn-and-cob meal over an 
amount of ground corn equal to that contained in the meal. 
Whether the cobs should be fed is largely a question of the costs 
of the different methods of preparation. 
Oats. When ground, oats are an excellent feed for dairy 
cattle of all ages. Their use in grain mixtures adds palatability 
and variety. When it is economical to feed oats instead of corn, 
they may be substituted for corn in mixtures on the pound for 
pound basis. This, however, lowers the feeding value of the mix-
ture slightly and may make it necessary to feed a little more of 
the ~rain mixture than when corn is used. 
Barley. Nearly equal to corn in feeding value, barley may 
be substituted for it pound for pound in grain mixtures. It is 
similar to corn in its effect on cattle. 
Wheat. At times wheat may be a cheaper feed than corn. 
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FIG. 14.-0ATS RANK HIGH AS A FEED FOR DAIRY CATTLE 
Altho oats yield relatively small amounts of digestible nutrients to the 
acre, and may therefore be a comparatively expensive crop, they furnish, 
when ground, an excellent feed for dairy cows. 
It possesses many of the same qualities as corn, but is slightly 
higher in protein. It may be substituted for corn in grain mix-
tures on the pound for pound basis. No harmful effects from 
feeding wheat to dairy cattle occur when the wheat is fed in 
reasonable proportions in good rations. 
Soybean Seed. High in protein and oil, soybean seed forms 
a good protein supplement in grain mixtures. Feeding trials 
show ground soybean seed to be practically equal, pound for 
pound, to linseed oil meal as a protein supplement for milk pro-
duction. Ground soybeans may be substituted, therefore, for lin-
seed oil meal in grain mixtures provided the roughage does not 
consist largely of soybean hay. When soybean hay is the rough-
age, the feeding of soybean seed tends to dull the appetite and 
get the cows off feed. Soybean seed has a laxative effect, and for 
this reason is desirable in grain mixtures fed with nonlegume hay. 
A large proportion of soybeans in the grain mixture may have 
an unfavorable effect upon the body of the butter produced, giv-
ing it a gummy consistency, altho the flavor is not affected. 
Mill By-Products 
Dried Beet Pulp. This by-product is in demand for cows 
being tested for Advanced Registry records, since it is appetizing, 
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provides bulk, and after being thoroly moistened by water may be 
substituted for silage. On account of the relatively high cost of 
dried beet pulp in Illinois, it is doubtful if it offers any advan-
tages for herd feeding in a ration containing silage and good 
legume hay. 
Cottonseed Meal. An excellent supplement to corn-belt 
rations for milk production, cottonseed meal usually is one of the 
cheapest sources of digestible protein. For ordinary herd feed-
ing it may make up as much as 15 percent of the concentrate 
mixture when the character of the ration demands this much, but 
for high-producing cows it is well to reduce the proportion so that 
no more than 2 to 2Yz pounds of the meal is given each cow daily. 
Cottonseed meal is used to best advantage when cattle are on 
pasture or when both corn silage and legume hay are included in 
the ration. It may be used also when legume hay is the only 
roughage, but under such conditions best results are obtained 
with a smaller proportion of cottonseed meal than can be used 
when silage is fed. The 43-percent meal contains less hulls than 
the grades containing lower percentages of protein and is there-
fore more desirable for dairy cows. Very often the 43-percent 
grade is a cheaper source of protein than the lower grades. 
Cottonseed meal tends to produce a firm butter. 
Corn Gluten Feed and Meal. These by-products of the 
cornstarch industry are excellent protein supplements and carry 
large amounts of total digestible nutrients in addition. Gluten 
meal is much higher in protein than gluten feed, and when pro-
tein alone is needed, usually is a cheaper source of it. These feeds 
are not desirable as supplements to a ration consisting of corn 
silage, corn stover, and corn-and-cob meal, but are suitable if the 
ration contains a liberal amount of legume hay and at least one 
concentrate other than corn. 
Linseed Oil Meal. Owing to the demand for linseed oil 
meal, its price usually makes it a relatively expensive source of 
protein. It is one of the most popular protein supplements for 
milk production on account of its favorable physiological effects, 
such as its laxative properties. It tends to keep dairy cattle of all 
ages (except calves receiving milk only) in good health and con-
dition and helps to offset the unfavorable effects of poor-quality 
roughage. This feed and wheat bran are the best known and best 
liked of all protein supplements for dairy cattle. 
Soybean Oil Meal. An excellent high-protein feed, soybean 
oil meal compares favorably in feeding value with cottonseed 
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meal of equal protein content. It fulfils three of the require-
ments of an especially desirable high-protein feed-it is palatable, 
has a good effect on the animals, and is high in digestibility. The 
proteins of soybean oil meal are of good quality and exception-
ally high in digestibility. When this feed is used to balance a ra-
tion consisting of farm grains and good-quality roughages, there 
"is likely to be no deficiency in the quality of the proteins. 
So far as known, soybean oil meal has no harmful effects when 
used in proper proportions and may be used freely in balancing 
rations for dairy cattle. 
Wheat Bran. The popularity of wheat bran as a protein 
supplement for milk production is justified by its value. Like 
other feeds greatly in demand, it usually is a relatively expensive 
source of protein. As a source of total digestible nutrients, it 
may also be uneconomical, for it contains about 15 percent less 
nutrients than oats and only about two-thirds as much as corn. 
Its special advantages are bulk, palatability, excellent physiolog-
ical effects, and its value as a source of phosphorus. Like linseed 
oil meal, it tends to keep dairy cattle in good health and condition. 
It may form as much as one-third of the grain mixture without 
unfavorable effects. 
Molasses. A constituent of many ready-mixed feeds, mo-
lasses adds greatly to the palatability of feed mixtures, induc-
ing a greater consumption of feed. It is also a good conditioner, 
having an excellent effect upon the animal. Considering its di-
gestible-nutrient content only, a pound of molasses is about three-
fourths as valuable as a pound of corn. Since molasses usually 
costs as much as or more than corn per pound it is a relatively 
expensive feed for the Illinois dairyman who raises corn. The 
mixed feed manufacturer, however, can buy molasses in large 
quantities so that at times molasses may be as economical an in-
gredient of ready-mixed feeds as corn. 
TABLE 5.-FEED VALUE YIELDED PER ACRE BY VARIOUS ILLINOIS CROPS 
(Based on estimated yields and average analyses) 
Digestible matter 
Yield of crop available as feed Crop 
per acre Digestible Total digest-
protein ible nutrients 
bu. (ton) lbs. lbs. 
Barley 
Grain ..................... 50.0 214 1 896 
Straw1 .•.•••.•.....•..••.. (1. 5) .. . . ..... 
- --
Total. .................. . .... 214 1 896 
Corn 
Grain, grade No.3 ......... 50 .0 196 2 240 
Stover2 •••••••••• .••••. ••. (2 .0) 23 507 
- --
Total ................... . .... 219 2 747 
Corn silage3 • • ••••••••.••••• •• (10. 0) 220 3 600 
Oats 
Grain ..................... 50.0 154 1 120 
Straw1 ••.•........••..•.•. (1.5) . .. . ..... 
- --
Total . .................. .... 154 1 120 
Soybeans 
Seed ...................... 25.0 476 1 440 
Straw1 •••••••.•........... (1. 0) . . . . .... 
- --
Total .............. ..... .... 476 1 440 
Hay 
Alfalfa ................... . (3 .0) 624 3 060 
Cowpea ..... .............. (1. 5) 330 1 230 
Millet .................... (1. 5) 159 1 740 
Red clover ................ (1. 5) 237 1 590 
Redtop ................... (1. 5) 138 1 590 
Soybean .................. (1 . 5) 291 1 260 
Timothy .......... . ....... (1. 5) 93 1 470 
1Barley straw, oat straw, and soybean straw furnish so little digestible 
matter that they are seldom used as feeds for cows in milk; for this reason their 
digestible nutrients are here disregarded. 
2The corn plant, when cut at the proper stage and well cured, contains a 
large amount of digestible matter in the stover. Owing to the losses occasioned 
by weathering under the usual methods of handling the crop, and to the fact 
that cows usually consume only the finer portions of the stover, the figures here 
given for digestible matter available as feed in the stover are not more than 
one-third of the original feeding value. 
3When the entire corn plant is preserved as silage, there is some loss due 
to spoilage, tho not so great a proportion of loss as when the corn is fed as 
grain and stover. These losses have been taken into consideration in estimating 
the yield of digestible nutrients available as feed. 
TABLE 6.-NUTRIENTS IN 100 POUNDS OF VARIOUS DAIRY FEEDS 
' 
' Total Digestible Total 
Feed 
dry protein nutrients 
matter in 100 lbs. 
in 100 in 100 
lbs. lbs. Protein Total 
Concentrates lbs. lbs. lbs. lbs. 
Barley ............................ 90 11 9 79 
Beet pulp, dried .................... 90 9 5 70 
Coconut meal or cake, old process .... 90 21 19 79 
Corn, dent, grade No. 3 ............. 85 9 7 80 
Corn-and-cob meal ......... . ........ 85 8 6 64 
Corn germ meal .................... 90 22 16 82 
Corn gluten feed .................... 90 23 20 80 
Corn gluten meal ................... 90 40 34 84 
Cottonseed meal, 43% protein ........ 90 43 36 76 
Cottonseed meal, 41% ptotein ........ 90 41 33 74 
Cottonseed meal, 36% protein ........ 90 36 29 70 
Cottonseed hulls .................... 90 4 0 40 
Cowpea seed ....................... 90 24 20 78 
Hominy feed ....................... 90 10 7 85 
Linseed oil meal, new process ........ 90 37 32 76 
Linseed oil meal, old process ......... 90 34 30 77 
Molasses, cane, or blackstrap ......... 75 3 1 60 
Oats ...................... .... .... 90 12 10 70 
Peanut oil meal, from shelled nuts .... 90 43 39 81 
Rye ............................... 90 12 10 81 
Soybean oil meal ... ... .... . . .... . .. 90 40 37 76 
Soybean seed ....................... 90 37 32 96 
Wheat ............................ 90 12 9 80 
Wheat bran ........................ 90 15 12 61 
Wheat middlings, standard .......... 90 16 13 70 
Milk 
Whole milk (cow's) ................. 13 3 3 16 
Skim milk ......................... 10 3 3 9 
Skim milk, dried ..... ... ......... ... 98 35 33 89 
Roughages 
Alfalfa hay ....................... : 90 15 10 51 
Alfalfa leaves . ..................... 90 21 16 58 
Bluegrass hay ...................... 90 8 5 54 
Clover, alsike, hay .................. 90 13 8 49 
Clover, red, hay .................... 90 13 8 53 
Clover, sweet, hay .................. 90 14 6 30 
Corn fodder, dry (with ears) ......... 90 7 3 44 
Corn fodder, green (with ears) ........ 23 2 1 16 
Corn silage ........................ 30 2 1 20 
Corn stover, dry (without ears) ....... 90 6 2 38 
Cowpea hay ....................... 90 19 11 41 
Cowpea straw ...................... 90 7 2 26 
Millet, common, or Hungarian hay .... 90 9 5 58 
Oat hay ....................... .... 90 9 5 48 
Redtop hay ........................ 90 7 5 53 
Soybean hay ....................... 90 14 9 42 
Soybean straw . . ................... 90 4 0 24 
Sunflower silage .................... 21 2 1 10 
Timothy hay ................ · ....... 90 6 3 49 
Roots, etc. 
Beet, common ...................... 13 2 1 10 
Beet, sugar ........................ 16 2 1 14 
Mangel ............................ 9 1 1 7 
Potato ............................ 21 2 1 17 
Pumpkin, field ..................... 8 1 1 7 
